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The North Central Research Station’s Forest
Inventory and Analysis Program (NCFIA)
began fieldwork for the sixth forest inventory
of Minnesota’s forest resources in 1999. This
inventory initiated the new annual inventory
system in which one-fifth of the field plots
(considered one panel) in the State are
measured each year. A complete inventory
consists of measuring and compiling the data
for all plots (or five panels). Once all panels
have been measured, each panel will be
remeasured approximately every 5 years. For
example, in Minnesota, the plots in the 1999
panel will be remeasured in 2004.
In 2000, NCFIA continued the annual
inventory effort with the second panel of the
sixth forest inventory. This sixth inventory of
Minnesota’s forest resources will be completed
in 2004. However, because each year’s sample
is a systematic sample of the State’s forest and
because timely information is needed about
Minnesota’s forest resources, estimates have
been prepared from data gathered during the
first 2 years of the inventory. Data presented
in this report represent 40 percent of the field
plots (or two panels) for a complete inventory
and are a combination of the first year’s panel
from 1999 and the second year’s panel from
2000. Because of the limited number of
field plots measured, sampling errors are
large at this point and data in this report
should be used with caution. Future
estimates that incorporate data in this
report are subject to change when ensuing
annual inventories are completed and data
compiled. Results presented are estimates
based on sampling techniques. As additional
annual inventories are completed, the
precision of the estimates will increase and
additional data will be released.
Reports of previous inventories of Minnesota
are dated 1936, 1953, 1962, 1977, and 1990.
Data from new inventories are often compared
with data from earlier inventories to determine
trends in forest resources. However, for the
comparisons to be valid, the procedures used
in the two inventories must be similar. As a
result of our ongoing efforts to improve the
efficiency and reliability of the inventory,
several changes in procedures and definitions
have occurred since the last Minnesota
inventory in 1990 (Miles et al. 1995). (See
appendix). Some of these changes make it
inappropriate to directly compare portions of
the 2000 data with those published for 1990. 
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RESULTS
Area
The total land area of Minnesota is 50.9
million acres (Miles et al. 1995), of which 32
percent or 16.5 million acres are forested.
Forest land area remained relatively
unchanged between 1990 and 2000, estimated
at 16.6 million acres in 1990 and 16.5 million
acres in 2000. Analysis of the 1990 periodic
inventory measurements and the 1999 – 2000
annual inventory measurements indicates that
this slight decrease in estimated total area of
forest land may be a result of high sampling
errors associated with a partial inventory
rather than an actual loss of forest land
between the two inventories (Hansen et al.
2001). As succeeding annual inventories are
completed, sampling errors will decrease,
resulting in increased precision of the
estimates and a more reliable picture of reality.
Timberland, a subset of forest land that is
capable of growing trees at a rate of at least 20
cubic feet per acre per year of net growth and
that is not restricted from harvesting, showed
a slight increase of 3 percent between 1990
and 2000, going from 14.7 million acres in
1990 to 15.1 million acres in 2000 (fig. 1). 
In 2000, over 91 percent of all forest lands in
Minnesota were classified as timberland. The
increase in timberland area can be attributed
in part to land conversion of pasture and
croplands through both natural processes and
human intervention (tree planting and wildfire
control) and in part to new forest lands that
had been partially covered with trees but that
did not have sufficient tree cover to qualify as
forest land in the previous inventory.  
The aspen-birch forest type, with over 6.7
million acres of timberland, is the dominant
forest type in the State (fig. 2) and is an
important resource for Minnesota’s forest
industries. The spruce-fir forest type, with
over 3.0 million acres of timberland, makes up
over three-quarters of all conifer forest land
area in the State. Between inventories,
hardwood forest types increased from 10.2
million acres in 1990 to just over 11.2 million
acres in 2000, while conifer forest types
2
Figure 1. — Area of timberland in Minnesota by inventory year.
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decreased from 4.4 million acres in 1990 to
3.8 million acres in 2000. Hardwood forest
types, especially aspen, have replaced
softwood types on many sites (Leatherberry et
al. 1995). The area differences between
inventory cycles show that forest species
composition in Minnesota is changing. 
Forest land in public ownership remained
relatively unchanged between inventories, at
9.2 million acres in 2000 (fig. 3). More than
three-quarters of all conifer forest types are
found on publicly owned land. Private forest
land ownership between inventories remained
constant at 7.2 million acres. Over 85 percent
of all private forest land is found in the
hardwood forest types.
Timberland area in the smallest average stand-
size class (commonly referred to as
sapling/seedling-size stands, which have more
than half of their total live tree stocking in
trees less than 5.0 inches at diameter at breast
height—d.b.h.) increased by 20 percent
between inventories. This increase represented
a gain of about 900 thousand acres by 2000
3
Figure 2. — Area of timberland in Minnesota in 1990 and 2000 by forest type.
Figure 3. — Area of forest land in Minnesota by owner category.
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(fig. 4). Medium stands (commonly referred to
as poletimber, stands with half or more of their
total live tree stocking in trees at least 5.0
inches in d.b.h.), rose from 5.3 million acres of
timberland in 1990 to over 5.5 million acres in
2000. In 2000, large stands (commonly
referred to as sawtimber, stands with half or
more of their total live tree stocking in trees at
least 9.0 inches d.b.h. for conifers or 11.0
inches d.b.h for deciduous trees) actually
decreased by more than 700 thousand acres.
In 2000, timberland area was comprised of the
following stand-size classes: sawtimber 27
percent, poletimber 37 percent, sapling/
seedling 35 percent, and nonstocked <1
percent. For more information on how FIA
determines stand-size class, see Miles et al.
(1995).
Volume 
Historically, volume has been reported as
either growing stock or sawtimber. However,
there are volumes in noncommercial trees,
rotten trees, and rough trees that do not
qualify as growing stock but that are utilized
for wood fiber and fuelwood and that make
important ecological contributions (such as for
wildlife habitat, and soil and water protec-
tion). With the annualized inventory system
and increased interest in FIA data from an
ecological perspective, a greater focus has been
placed on all live volume. In 2000, Minnesota
had almost 17.6 billion cubic feet of all live
volume on its 16.5 million acres of forest land.
This equates to an average of more than 1,066
cubic feet of all live volume for each forest
land acre in Minnesota. Unfortunately, all live
volume is not readily available from the
historic inventories and thus comparisons over
time consider only growing-stock volume.
The net volume of growing stock on
timberland in Minnesota was estimated at 14.8
billion cubic feet in 2000, which equates to
4
Figure 4. — Area of timberland in Minnesota by stand-size class and inventory year.
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977 cubic feet of growing-stock volume per
acre (fig. 5). Over 70 percent of Minnesota’s
growing-stock volume comes from hardwood
species and accounts for more than 67 percent
of sawtimber volume in the State (fig. 6). In
2000, the cottonwood-aspen species group
accounted for over 37 percent of all hardwood
growing-stock volume in the State. In contrast,
ash, with over 1 billion cubic feet of volume,
accounted for 10 percent of hardwood
growing-stock volume. 
Softwood growing-stock volume was estimated
at more than 4.4 billion cubic feet in 2000.
The spruce-balsam fir species group, with over
1.6 billion cubic feet of growing-stock volume,
was the number one species group in terms of
growing-stock volume for conifers. The
eastern white and red pine species group
accounted for more than 21 percent or 900
million cubic feet of growing-stock volume
and more than 30 percent of the conifer
sawtimber volume in 2000.
Biomass
Biomass, measured as all live aboveground
tree biomass on timberlands in Minnesota,
was estimated at more than 429 million dry
tons in 2000 (an average of over 28 dry tons
per acre). Biomass is an important measure
because it provides information that can be
used for analyses related to carbon
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Figure 5. — Growing stock volume in Minnesota by inventory year.
Figure 6. — Sawtimber volume in Minnesota by inventory year.
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sequestration, wood fiber availability for fuel,
and other issues. In 2000, more than 76
percent of the total biomass was in growing-
stock trees, an additional 14 percent was in
trees less than 5.0 inches d.b.h., and the
remaining 10 percent was in non-growing-
stock trees. Over 76 percent of the total
biomass was composed of hardwood species.
Although total biomass was almost evenly
split on private (214 million dry tons) and
public (215 million dry tons) timberlands,
softwoods made up 34 percent of the total
biomass on public lands, but only 13 percent
of the total biomass on private lands.
Forest Health
Insects, pathogens, weather, fire, and other
factors cause damage and losses on forests
throughout Minnesota every year. Since 1954,
the eastern spruce budworm (Choristoneura
fumiferana) has defoliated spruce/fir forests
annually, establishing itself as the most
consistently damaging agent in the State.
However, since 1994, the spruce budworm
has been declining steadily (table 10, fig. 7).
As the budworm has declined, other damage
agents have stepped up their activity. Most
notably the forest tent caterpillar
(Malacosoma disstria) has been active
throughout aspen and birch forests,
culminating in over 7.7 million acres of
defoliation in 2001. Populations are expected
to continue to be at damaging levels in 2002.
Other significant damage agents that have
been active between inventories are the large
aspen tortrix (Choristoneura conflictana)
affecting the aspen and birch forest types; jack
pine budworm (Choristoneura pinus)
defoliating and killing older, open growing
jack pine; and the introduced larch casebearer
(Coleophora laricella), which has been
increasing recently in defoliating larch 
(table 10). 
Since 1997, all of these and other defoliating
agents have been active, sometimes on some
of the same acreages at the same time. Many
trees that are repeatedly defoliated sustain
measurable growth loss, which in turn,
sometimes results in mortality. Figure 7 
shows areas of the State where, since 1997,
forested lands have been defoliated between
one and five times.
Arguably, agents completely beyond human
control, namely the weather, cause the most
significant damage. Periods of drought and
flooding, snow, ice, cold, and wind damage
are an integral component of the State’s forest
dynamics. The single most significant event
occurred in 1999 when about 465,000 acres
of northern forests were blown down by
straight-line winds (fig. 8). This caused
varying degrees of breakage and mortality,
which in turn has had longer term impacts on
subsequent insect and pathogen activity and
fire. The annual current mortality resulting
from all of these damage agents, exceeding 10
percent of standing trees, is displayed in
figure 9. A more complete discussion of forest
health issues that have affected Minnesota
forests since the last complete forest inventory
and of current events is available at
http://www.na.fs.fed.us/spfo/fhm/fhh/fhh-
01/mn/mn_01.htm.
Summary
In summary, Minnesota forest resources
appear to be in good health. As additional
data become available from ensuing annual
inventories, a clearer picture of the direction
of Minnesota forests will emerge. Additional
data related to the most recent three inven-
tories of Minnesota (1977, 1990, 2000) are
available at
www.ncrs.fs.fed.us/4801/fiadb/index.htm. 
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7Figure 7. —  Minnesota aerial survey results: defoliation 1998–2001.
8Figure 8. —  Minnesota aerial survey results: storm damage 1999.
9Figure 9. —  Minnesota aerial survey results: mortality 1998–2001.
APPENDIX
Inventory Methods
Minnesota’s Forest Resources in 1999 (Schmidt
2001) provides a full description of the NCFIA
annualized inventory methods for Minnesota.
Since the 1990 inventory of Minnesota, several
changes have been made in NCFIA inventory
methods to improve the quality of the
inventory as well as meet increasing demands
for timely forest resource information. The
most significant difference between inventories
was the change from periodic inventories to
annual inventories. Historically, NCFIA
periodically inventoried each State on a cycle
that averaged about 12 years for recent
inventories. However, the need for timely and
consistent data across large geographical
regions, combined with national legislative
mandates, resulted in NCFIA’s implementation
of an annual inventory system. Minnesota was
one of the first States in the North Central
region, and one of the first States in the
Nation, to be inventoried with this new
system, beginning with the 1999 panel of
measurements.
With an annual inventory system, about one-
fifth of all field plots are measured in any one
year. After 5 years, an entire inventory cycle
will be completed. After the first 5 years,
NCFIA will report and analyze results as a
moving 5-year average. For example, NCFIA
will be able to generate a report based on
inventory results for 1999 through 2004 or for
2000 through 2005. While there are great
advantages for an annual inventory, one
difficulty is reporting on results in the first 4
years. With the 2000 annual measurements,
only 40 percent of all field plots have been
measured. Sampling error estimates for the 
2000 inventory results are area of forest land
1.13 percent, area of timberland 1.29 percent,
number of growing-stock trees on timberland
2.74 percent, volume of growing stock on
timberland 2.52 percent, and volume of
sawtimber on timberland 3.57 percent. These
sampling error estimates are considerably
higher than those for the last periodic
inventory completed in 1990 (i.e., 0.36
percent for timberland area and 0.71 percent
for growing-stock volume) because of the
smaller sample sizes. Thus, caution should be
used when drawing conclusions based on this
limited data set. As we complete ensuing
measurements, we will have additional
confidence in our results due to the increased
number of field plots measured. As each
measurement year is completed, the precision
of estimates will improve.
Other significant changes between inventories
include the implementation of new remote
sensing technology, the implementation of a
new field plot design, and the gathering of
additional remotely sensed and field data. The
advent of remote sensing technology since the
previous inventory in 1990 has allowed
NCFIA to use computer-assisted classifications
of Multi-Resolution Land Characterization
(MRLC) data and other available remote
sensing products to stratify the total area of
the State and to improve estimates. Inventories
in Minnesota before 1999 used manual
interpretation of aerial photos to stratify the
sample in 1936, 1953, 1962, 1977, and 1990.
New algorithms were used in 2000 to assign
forest type and stand-size class to each
condition observed on a plot. These
algorithms are being used nationwide by FIA
to provide consistency among States and will 
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be used to reassign the forest type and stand-
size class of every plot measured in the 1990
inventory when it is updated. This will be
done so that changes in forest type and stand-
size class will more accurately reflect actual
changes in the forest and not changes in how
values are computed. The list of recognized
forest types, grouping of these forest types for
reporting purposes, equations used to assign
stocking values to individual trees, definition
of nonstocked, and names given to the forest
types changed with the new algorithms. As a
result, comparisons between the published
1999–2000 measurement results and those
published for the 1990 inventory may not be
valid. For additional details about algorithms
used in both inventories, please contact
NCFIA.
Sampling Phases
The 2000 Minnesota survey used a two-phase
sample for stratification that included
remeasuring inventory plots from the 1990
inventory and measuring new field plots.
Two-phase sampling, also called double
sampling, consists of a phase 1 sample to
estimate area by strata and a phase 2 sample
to estimate the average value of parameters of
interest within these strata. The estimated
population total for a parameter is the sum
across all strata of the product of each
stratum’s estimated area and the parameter’s
estimated mean per unit area.
The only land that could not be sampled was
private land where field personnel could not
obtain permission from the owner to measure
the field plot and plots that could not be
accessed because of a hazard or danger to
field personnel. The methods used in the
preparation of this report make the necessary
adjustments to account for sites where access
11
was denied or hazardous. Fortunately, there
were only 22 denied access or hazardous
plots in 1999 and 58 denied access or
hazardous plots in 2000.
Phase 1
The Minnesota inventory used a computer-
assisted classification of satellite imagery. FIA
used the imagery to form two initial strata—
forest and nonforest. Pixels within 60 m (2
pixel widths) of a forest/nonforest edge
formed two additional strata—forest/nonforest
and nonforest/forest. Forest pixels within
60 m on the forest side of a forest-nonforest
boundary were classified into forest/nonforest
strata. Pixels within 60 m of the boundary on
the nonforest side were classified into
nonforest/forest strata. An overlay of all
national forest land was used to identify all
lands owned by national forests. These
national forest lands were treated separately
but were also stratified into one of the above
four strata. Stratification and estimation were
conducted at the State level for national forest
lands and at the FIA Inventory unit level for
other lands. In the national forest stratum,
forest and forest/nonforest strata were
combined.
Phase 2
Phase 2 of the inventory consisted of the
measurement of the annual sample of field
plots in Minnesota. Current FIA precision
standards for annual inventories require a
sampling intensity of one plot for
approximately every 6,000 acres. FIA has
established a grid that divides the entire area
of the United States into non-overlapping
hexagons, each of which contains
approximately 5,937 acres (McRoberts 1999).
A grid of field plots was established by
selecting one plot from each hexagon based
on the following rules: (1) if a Forest Health
Monitoring (FHM) plot (Mangold 1998) fell
within a hexagon, it was selected as the grid
plot; (2) if no FHM plot fell within a hexagon,
the existing NCFIA plot from the 1998
inventory nearest the hexagon center was
selected as the grid plot; and (3) if neither
FHM nor existing NCFIA plots fell within the
hexagon, a new NCFIA plot established at the
hexagon center was selected as the grid plot
(McRoberts 1999). This grid of plots is
designated the Federal base sample and is
considered an equal probability sample; its
measurement in Minnesota is funded by the
Federal government. 
The total Federal base sample was system-
atically divided into five interpenetrating, non-
overlapping subsamples or panels. Each year
the plots in a single panel are measured, and
panels are selected on a 5-year, rotating basis
(McRoberts 1999). For estimation purposes,
the measurement of each panel of plots may
be considered an independent systematic
sample of all land in a State. Field crews
measure vegetation on plots forested at the
time of the last inventory and on plots
currently classified as forest by trained
photointerpreters using aerial photos or digital
ortho-quads.
NCFIA has two categories of field plot
measurements—phase 3 plots (FHM plots)
and phase 2 field plots—to optimize our
ability to collect data when available for
measurement. Both types of plot are
systematically distributed both geographically
and temporally. Phase 3 plots are measured
with the full suite of FHM vegetative and
health variables collected as well as the full
suite of measures associated with phase 2
12
plots. Phase 3 plots must be measured
between June 1 and August 30 to
accommodate the additional measurement of
non-woody understory vegetation, ground
cover, soils, and other variables. We anticipate
that in Minnesota the complete 5-year annual
inventory will involve about 390 phase 3
plots. On the remaining plots, referred to as
phase 2 plots, only variables that can be
measured throughout the entire year are
collected. In Minnesota, the complete 5-year
annual inventory is expected to involve about
6,530 phase 2 forested plots. The 1999/2000
annual inventory results represent field
measures on 1,644 timberland, 102 other
forest land, and 323 non-forest land plots.
The above number of field plots represents a
double intensification of the standard base
Federal sample. This intensification was made
possible by additional resources provided by
the State of Minnesota. 
The new national FIA 4-point cluster plot
design (fig. 10) was first used for data
collection during the 1999 measurement of
Minnesota. This design was also used in the
2000 measurement and will be used in
subsequent years. The national plot design
requires mapping forest conditions on each
plot. Due to the small sample size (20
percent) each year, precision associated with
change factors such as mortality will be
relatively low. Consequently, we will not
report change estimates until at least three
annual panels have been measured, and even
then we anticipate that estimates of change
will be limited in detail. When the complete
annual inventory has been implemented in
2004, the full range of change variables will
be available.
Figure 10. — Current NCFIA field plot design.
The overall plot layout for the new design
consists of four subplots. The centers of
subplots 2, 3, and 4 are located 120 feet from
the center of subplot 1. The azimuths to
subplots 2, 3, and 4 are 0, 120, and 240
degrees, respectively. The center of the new
plot is located at the same point as the center
of the previous plot if a previous plot existed
within the sample unit. Trees with diameter at
breast height (d.b.h., or 4.5 feet above ground
level) 5 inches and larger are measured on a
24-foot-radius (1/24 acre) circular subplot. All
trees less than 5 inches d.b.h. are measured
on a 6.8-foot-radius (1/300 acre) circular
microplot located at the center of each of the
four subplots. Forest conditions that occur on
any of the four subplots are recorded. Factors
that differentiate forest conditions are changes
in forest type, stand-size class, land use,
13
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ownership, and density. Each condition that
occurs anywhere on any of the subplots is
identified, described, and mapped if the area
of the condition meets or exceeds 1 acre in
size.
Field plot measurements are combined with
phase-1 estimates in the compilation process
and table production. The number of tables
generated from a single year’s data is limited.
However, as additional annual inventories are
completed, the number of tables will increase
until year 5, when all statewide inventory
summary tables will be available in both
printed and electronic formats. For additional
information, contact:
Program Manager
Forest Inventory and Analysis
North Central Research Station
1992 Folwell Ave.
St. Paul, MN 55108
Or
State Forester
Minnesota Department of Natural Resources
Forestry Division
P.O. Box 44, 500 Lafayette Road
St. Paul, MN 55155
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Table 10.—Area of forest land in Minnesota
affected by damage agents 1994-2001
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We believe the good life has its roots in clean air, sparkling water, rich soil,
healthy economies and a diverse living landscape. Maintaining the good life for
generations to come begins with everyday choices about natural resources. The
North Central Research Station provides the knowledge and the tools to help
people make informed choices. That’s how the science we do enhances the qual-
ity of people’s lives.
For further information contact:
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Or visit our web site:
www.ncrs.fs.fed.us
North Central 
Research Station
USDA Forest Service
1992 Folwell Ave., St. Paul, MN  55108
Printed on recyclable paper.
The U.S. Department of Agriculture (USDA) prohibits discrimi-
nation in all its programs and activities on the basis of race,
color, national origin, gender, religion, age, disability, political
beliefs, sexual orientation, and marital or family status.  (Not
all prohibited bases apply to all programs.)  Persons with dis-
abilities who require alternative means for communication of
program information (Braille, large print, audiotape, etc.)
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Haugen, David E.; Mielke, Manfred E.
2002. Minnesota forest resources in 2000. Resour. Bull. NC-205.
St. Paul, MN: U.S. Department of Agriculture, Forest Service,
North Central Research Station. 26 p.
Results of the 2000 annual inventory of Minnesota show
over 16.5 million acres of forest land, over 17.6 billion cubic feet
of all live volume on forest land, and an estimated 429 million dry
tons of all live aboveground tree biomass on timberland. Known
pests in Minnesota forests include the forest tent caterpillar,
spruce budworm, jack pine budworm, large aspen tortrix, and
introduced larch casebearer.
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